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In order to efficiently obtain an approximate solution of the traveling salesman problem
(TSP),extended changing crossover operators(ECXOs)which can substitute any crossover
 
operator of genetic algorithms(GAs)and ant colony optimization(ACO)for another crossover
 
operator at any time is proposed.In this investigation our ECXO uses both EX(or ACO)and
 
EXX(Edge Exchange Crossover)in early generations to create local optimum sub-paths,and
 
it uses EAX(Edge Assembly Crossover)to create a global optimum solution after generations.
With EX or ACO any individual or any ant determines the next city he visits from lengths of
 
edges or tours’lengths deposited on edges as pheromone,and he generates local optimum paths.
With EXX the generated path converges to a provisional optimal path.With EAX a parent
 
exchanges his edges with another parent’s ones reciprocaly to create sub-cyclic paths,before
 
restructuring a cyclic path by combining the sub-cyclic paths with making distances between
 
them minimum.In this paper validity of ECXO is verified by our C experiments using medium-



















































































































































































































































































































































Fig.1.Concept of performance improvement to solve TSP by ECXO (EX (or ACO)→
EAX)




























経路長にばらつきのある遺伝子群 X と X より
巡回路長の短い個体 w を混在させることで実
現している。
4. 実 験 結 果
4.1 実験データ


















Fig.3.Concept of performance improvement to solve TSP by ECXO (EX (or ACO)→
EXX→EAX)
Fig.4.In ECXO(EX(or ACO)→EXX→EAX),































































Fig.5.Test data of pcb442 and its optimum solution with the minimum length of 50,778.
れる都市 j を，都市 i と都市 j を結ぶ枝上に残
された?時におけるフェロモン量τ????と，都
市 i と都市 j 間の距離??から決定される以下
の確率????＋1?により選択する。ここで蟻??






















?????は蟻?が i から j の経路を選択する大
きさを測る尺度であり，「蟻 が，都市 i から j を
経由する巡回路を旅した場合は，巡回路長の逆
数＊二都市間の距離の総和（すなわちGAsでの





② 次に訪問する都市を隣接する cl 個の都
市の中から優先的に次に訪れる都市を選
択する際の cl を指定する。:20






























ついてpcb442の例題データを用いて L, T, N
を評価した結果を表1に示す。表1のコン
ピュータ時間は，NEC Versa Pro Mobile Intel




































































Table 1.Comparison of ECXOs with another Crossover Operators EAX,EX,EXX,and ACO on the problem pcb442.(The optimum length of pcb442 found is 50,778)







Table 1-1.Selection of generation to change crossover operators from EX to EAX
○the model which finds the optimum length ◎the optimum model with the least computer execution time in ECXO(EX→EAX)
Table 1-2.Selection of generation to change crossover operators from ACO to EAX
○the model which finds the optimum length ◎the optimum model with the least computer execution time in ECXO(ACO→EAX)
Table 1-3.Selection of generation to change crossover operators from EX to EXX before operating EAX





















Table 1-4.Selection of generation to change crossover operators from ACO to EXX before operating EAX
○the model which finds the optimum length ◎the optimum model with the least computer execution time in ECXO(ACO→EXX→EAX)






























































Fig.6.Evaluation of both of ECXOs and other crossover operators on computer time to find their best lengths of pcb442.

































Table 4.Comparison of ECXOs with another Crossover Operators EAX,EX,EXX,and ACO on the problem d198.(The optimum length of d198 found is 15,780)
○the model which finds the optimum length ◎the model which finds the optimum length with least computer execution time
○the model which finds the optimum length ◎the model which finds the optimum length with least computer execution time
 






























ンピュータ時間は，NEC Lavie Intel Pentium
 
III,695 MHz,512 MB RAMで計測した。
6. 結 論
拡張遺伝子交叉オペレータ交代法ECXO
（Extended Changing Crossover Operator）の
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